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FIG. 1: Supporting Figure S1: The band-decomposed projected density of states (PDOS) on different orbitals for 4 layer
black phosphorus. The densities of states are projected on 3s, 3px, 3py and 3pz orbitals. Upper, middle and lower panels show
the PDOS at Eext = 0.00, 0.21, and 0.72 V/Å, respectively. Note that the critical field is Ec = 0.48 V/Å. At Eext = 0, the
PDOS is summed over all the atoms in the unit-cell. For finite fields, for visualization purposes, we use the negative colour
scale for PDOS that comes from the two layers kept at positive potential, and the positive colour scale for PDOS coming from
the other two layers kept at negative potential, as indicated in Figure 1 in the main text.
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FIG. 2: Supporting Figure S2: (a) Electric field induced charge density distribution across the layers, ∆ρ = ρ(Eext) −
ρ(Eext = 0), for 4L-BP and different values of Eext. ρ(Eext) is the charge density for an external field, Eext. ρ(Eext) is averaged
over the transverse direction (xy-plane) and plotted along the out-of-plane direction (z-axis). The dashed vertical lines denote
the positions of each atomic plane in 4L-BP. (b) Effective electrostatic potential across the layers, ∆Ueff = U(Eext)−U(Eext = 0),
for 4L-BP and different values of Eext.



3

0 0.1 0.2 0.3 0.4 0.5
E

ext
 (V/Å)

0

1

2

3

4

5

P
 (

µ
C

/c
m

2 )

2L
3L
4L
5L
6L
7L
8L

(a)

2 3 4 5 6 7 8
# Layer 

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

E
g / 

E
c (

Å
)

(b)

FIG. 3: Supporting Figure S3: (a) The polarization (dipole moment per unit area) , P , is plotted against the applied
external field strength for 2L (black), 3L (red), 4L (green), 5L (blue), 6L (yellow), 7L (brown) and 8L (grey)-BP. (b) (Eg/Ec

is plotted as a function of the number of layers.
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FIG. 4: Supporting Figure S4: (a) Spin-polarized bandstructure and (b) density of states of 4L-BP. The blue dashed line
denotes the Fermi level. Red and black lines denote the spin-up and spin-down component of the DOS, respectively.
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FIG. 5: Supporting Figure S5: The local density of states (LDOS) of highest occupied states (HOS) left) and lowest
unoccupied states (LUS) (right) at the different k-points around the Dirac point, Λ, as indicated in the bandstucture (top).
The figure shows that band inversion occurs at the Λ point.
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FIG. 6: Supporting Figure S6: The bandstructure of 12L-BP above the critical field, i.e., Eext= 0.26 V/Å.
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FIG. 7: Supporting Figure S7: Comparison of electronic structure for different functionals. (a) The variation of the band-
gaps calculated within PBE(black line) and vdW-corrected(red line) exchange correlation functionals, plotted as a function of
the number of layers. Note that the PBE band gap of bulk BP is 0.12 eV, while the vdW-corrected band gap is 0.34 eV. The
dashed line denotes the value of the experimental band gap (0.34 eV) of bulk BP. (b) The variation of the band gap of bilayer
BP, calculated within PBE(black line) and vdW-corrected(red line) functionals, plotted against the applied field strength.
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FIG. 8: Supporting Figure S8: The bandgap of 4L-BP as a functional of Eext using the unrelaxed (black) and relaxed (red)
coordinates under an applied field Eext.


